Abstract: Previous research conducted by the Construction Industry Institute ͑CII͒ and others has demonstrated the value of front-end planning as it impacts project success. A recently completed research project funded by CII, described in this paper, examines ways to improve information flow through the front-end planning process. This paper focuses on one specific objective of this research project, namely to isolate and closely examine the information critical activities within the front-end planning process. The front-end planning process was carefully diagrammed as consisting of 33 distinct activities, each with its own information flow entities and interactions. Fifty-one questionnaire survey forms were analyzed to obtain data for the 33 activities that included activity duration, resources expended, and the extent to which information was available to perform the activity. The 51 projects were then grouped according to survey respondents' perceptions as to whether the front-end planning process was executed more or less effectively. An analysis of the data concluded with a degree of statistical significance that seven of the 33 activities have some impact on achieving project success. In addition, statistically significant differences were uncovered with respect to the extent that information was available for selected activities, and survey respondent perceptions with respect to how efficiently the activity was performed. These seven activities are involved in planning the following areas: Public relations, start up, quality and safety, the project execution plan, and project scope definition. Other activities for which information was frequently not available and/or for which considerable resources were expended relate to preliminary cost estimating and the development of a funding plan. A second survey form was forwarded to the original survey participants to obtain more specific information with respect to the information categories and interfaces associated with the critical activities that were identified in the original survey. This survey indicated problem areas including inadequate scope definition, risk identification and mitigation, minimal resource allocation for task execution, unclear definitions of roles and responsibilities, and ineffective external communication mechanisms.
Introduction
Front-end planning has many different definitions. The Construction Industry Institute ͑CII͒ defines front-end planning as the process of developing sufficient strategic information with which owners can address risk and decide to commit resources to maximize the chance for a successful project ͑CII 1995͒. Cleland and Ireland ͑2002͒ expand on this definition by stating that front-end planning is the process of thinking through and making explicit the objectives, goals, and strategies necessary to bring the project through its life cycle to a successful termination when the project's product, service, or process takes its rightful place in the execution of project owner strategies. The term front-end planning is often interchanged with feasibility analysis, preproject planning, front-end loading, or conceptual planning.
Despite the different definitions of front-end planning, many authors agree that front-end planning is a key element to overall project success ͑Gibson et al. 1995; Webster 2004; Smith 2000; Hartman and Ashrafi 2004͒. Cleland and Ireland ͑2002͒ state that decisions made early in the project process will, "…set the direction and force with which the project moves forward as well as the boundaries within which the work of the project team is carried out." Hamilton and Gibson state that the construction industry recognizes that the effort expended in preplanning results in more successful projects, and that research has illustrated this philosophy ͑Hamilton and Gibson 1996͒. In the planning phase, many potential problems are identified proactively, before they can greatly affect project cost and schedule. Furthermore, successful planning identifies the areas within the project that need greater definition prior to design and execution.
Front-end planning allows the project team to have greater influence over the project. As the project enters the execution phase, the project team has less influence to make low cost changes affecting the project. Once the project commences, the level of influence on project declines. Additionally, the expenditure to correct these changes increases.
The CII has invested much effort into the topic of front-end planning. One such publication is the Pre-Project Planning Handbook published in 1995. This research report indicates that successfully performed project planning may reduce project costs, lower variability in cost, schedule, and operating characteristics, and lead to achieving project goals. Additionally, this report identifies a relationship between the project planning effort and project success. CII also published works that help project teams rate the level of front-end planning in their Publication 113-1, "Pre-Project Planning Tools: PDRI and Alignment" ͑CII 1997͒. This manual provides a tool that measures the degree of front-end planning and identifies areas where planning is inadequate.
"Many experts within the construction industry believe that planning efforts conducted during the early stages of a project have a significantly greater effect on project success than efforts undertaken after the project is under way" ͑Gibson et al. 1995͒. The Construction Industry Institute has identified front-end planning as one of their best practices. CII defines a best practices ͑www.construction-institute.org͒ as, "…a process or method that, when executed effectively, leads to enhanced project performance. CII Best Practices have been proven through extensive industry use and/or ͓statistical͔ validation" ͑CII 2007͒.
Previous research has indicated that successful execution of front-end planning will enhance the likelihood for overall project success. Hamilton and Gibson ͑1996͒ elaborate on this by stating that front-end planning can reduce risk and improve cost and schedule performance. Thus, successful execution of front-end planning results in the increased potential for project success. However, no research currently identifies which activities within front-end planning are more critical. This research expands on previous research and identifies the critical activities. The following sections of this paper discuss some of the basic findings from this research.
Front-End Planning Process Model
The research team consisted of industry practitioners and professionals representing 14 companies. This provided the expertise for the model review and development. In addition, two faculty members and two graduate students were also involved in the process.
It was decided early in the research that a process diagram would be used to identify the activities within front-end planning. Previous research conducted by the Construction Industry Institute ͑CII 1998͒ identified the typical activities and logic flow in front-end planning for an engineering procure construct ͑EPC͒ type contract. The initial step in the research was to update this model based upon current techniques to show the current activities for a typical EPC construction project. As a result, the team identified the process model consisting of 33 activities that comprise the front-end planning process. A process logic diagram was created to identify the logic flow of the front-end planning process. This diagram was identified as the macrolevel diagram.
There are two tiers of detail associated with the macrolevel diagram. Tier one identifies the five primary phases of the frontend planning process. These are business plan, contract strategy, project execution plan, facility scope plan, and product technical plan. These five phases were not modified from the previous research identified above. The milestones are depicted to indicate the progressions through the planning process. Since they do not have any activities associated with them, they are not identified as a phase. Tier two is an expansion of the primary phases and creates the list of all the activities. It is the tier two activities that were reviewed and modified by the research team. Each activity included on the macrolevel diagram is associated with an activity code. This code was modeled after the initial coding used by the CII ͑RR-125-1 1998͒. For example, the business planning phase is coded "BP" for tier one. All subsequent code elements are followed by periods. Each activity found in tier two under the business planning phase has "BP" as its first code element, followed by a number. For example, define business objectives is the first tier two activity under business planning. The code denoted for this activity is "BP.01". These codes are not intended to indicate the execution order of the phase two activities. Rather, these codes help to identify the activities. Descriptions of the activities are identified in Tables 1-5. The business plan, or strategic plan, involves the goals and objectives of a business entity ͑Gibson et al. 1993͒. This phase provides a comprehensive structure to identify the business objectives of the company, and to ensure that the project͑s͒ is in line with these objectives.
The contracting strategy phase is comprised of the steps needed to identify the contract strategy to execute the project. This plan reviews the business and project objectives, identifies any partnerships the company is involved with, and selects an EPC contractor or creates a list of potential bidders for execution of the project.
The project execution plan phase results in the creation of the, project execution plan ͑PEP͒. The PEP is a detailed plan identifying how the project will be executed once approved. The initial estimate, initial schedule, and safety plan are created under this phase. Additionally, the project scope and the startup plan are compiled.
The facility scope plan phase results in the identification of necessary components needed during the design phase, which starts after front-end planning. The scope of work for the facility and process are documented. Additionally, utility requirements are identified, the governmental environmental restrictions documented, and the initial site plan formed. Last, the work breakdown structure ͑WBS͒ is created.
The final phase identified is the product technical plan. This phase identifies the technical requirements of the project and includes the identification of license agreements, testing procedures, and any security/secrecy requirements that may be needed for the project. This phase is executed more on industrial projects, but has applicability towards other types of construction.
The model created by this research team is not based solely upon a specific facility type, location, or specific construction types. This logic diagram is to show the general logic flow to plan a typical project under the EPC process. Additionally, companies executing projects with similar properties may have to execute the process with some variation. The process model may not represent one company's front-end planning process exactly. It has been developed as a generic model and companies need to modify the model to more accurately represent their own preproject process.
Data Collection
To identify which activities were critical for planning projects, a survey instrument to collect data on front-end planning was created and distributed to the construction industry. The survey was divided into two parts. The first part was designed to capture data relative to project characteristics and identify project success criteria. The survey asked respondents to give a "yes" or "no" answer to questions regarding business objectives, project objectives, and the success of front-end planning. These questions were used to identify the success criteria of the project. Projects where the respondent indicated a "yes" for these questions were labeled as "successful," while projects indicating a "no" were labeled "unsuccessful." Each successful answer was analyzed independently to identify those activities that are critical to a specific success criterion. Ultimately, front-end planning effectiveness was chosen as the leading success criterion. This resulted from previous research by Hamilton and Gibson, indicating that if front-end planning is executed successfully, the overall project will be a success; ultimately achieving the remaining two objectives ͑Hamilton and Gibson 1996͒.
Part two consisted of seven specific questions that were asked for each of the 33 activities. These questions were as follows:
• Elapsed time ͑in days͒ to complete the activity.
• Internal resources expended in man hours to complete the activity.
• External resources ͑contractors, outside resources, etc.͒ in man hours expended to complete the activity. • This activity was successfully executed? • This activity was unusually complex due to project requirements? • This activity was executed efficiently? • The information, documents, and data requirements were readily available for this activity?
The first three questions asked in part two of the survey were designed to collect project specific activity data. The last four questions on the survey were designed to capture categorical data The process of early definition and planning of plant startup requirements to ensure smooth transition from the construction phase to plant operations.
BP.11 Risk mitigation analysis
The process of identifying risk elements, severity, and frequency. This process also includes determining risk mitigation techniques for the project. BP.12 Refine public relations Finalize public relations plan based upon which project alternative was selected. for each of the activities. The respondent was to answer "yes', "no," or "not applicable" for each of the questions. Additional questions were asked to identify the specific success criterion for the project. Beginning in November of 2005, the surveys and accompanying cover letters were given to the research team, requesting that they forward the surveys to the appropriate parties for completion. Each cover letter identified the purpose of the survey ͑to gather data pertinent to front-end planning͒, assured the respondents of confidentiality, and indicated that the information gathered from their survey would be used to develop a methodology to support the research objectives.
Due to front-end planning being primarily an owner-driven activity, the majority of the survey respondents needed to be from owner companies. Few surveys were received from nonowner companies. However, the data in these surveys were incomplete and were not used.
Fifty-one respondents from across the United States completed the survey. In some instances, the same company provided several project surveys from differing projects. The surveys contained information from projects exceeding $2.9 billion in total installed costs. All market sectors are represented within the database of project surveys. However, the majority of the surveys ͑72%͒ are from industrial/manufacturing projects. Additionally, the types of construction were divided between new construction projects at 48%, maintenance/renovation/retrofit type projects at 48%, and a combination of new construction/maintenance at 4%.
The information received from the surveys was placed into an excel spreadsheet for data analysis. Once all the surveys were entered, the data were analyzed with statistical software to identify any significant statistical findings.
Data Analysis
The pool of projects in the database represents projects from all over the United States. Additionally, these projects all vary in cost, and duration of front-end planning. As a result, it is difficult to compare the amount of elapsed time spent on planning a $100,000 project to a $100,000,000 project. Thus, the data were normalized to allow projects of differing sizes to be compared. The process for normalization involved summing up the total value for each of the quantitative data values from all 33 activities. Next, the individual value for a particular activity was divided by the total time. This provided the percent effort value. For example, if the total elapsed time for the entire front-end planning process from one survey equals 100 days, and one activity has a single duration of five days, then the normalized value is 5/100 or 5% perceived effort. This process was repeated for the internal and external resource values. All the data values identified are presented in percent effort of the total planning process. The data analysis portion was divided into two phases. Each phase was designed to identify specific statistical findings within the data. Phase I analysis identified statistical differences between the durations and resource expenditure ͑internal and external͒ of the activities for successful versus nonsuccessful projects. This test was to identify critical activities based upon time and resources expenditure.
The surveys were divided into two samples based upon how the survey respondent agreed with the statement asked in the survey, "front-end planning was effective and efficient." Sample one represented the projects where survey respondents agreed with the statement. The other sample represented projects where the respondents did not agree. This sorting of the answers was performed to separate successful projects from nonsuccessful projects. Again, previous CII research indicates that if front-end planning is performed properly, then the likelihood for overall project performance is enhanced. When the surveys were sorted, folded f-tests were performed to determine if the two sample variances were equal. Depending on the result from this analysis, either the pooled t-tests or the Satterthwaite t-test method were used to determine if the means were significantly different. The pooled method was used if the two variances were equal, while the Satterthwaite method was utilized when the variances were unequal. A level of significance of 0.05 ͑␣ = 0.05͒, was used to determine which means were significantly different. If the p-value or the t-test was less then ␣ ͑P-value Ͻ0.05͒, then the means were considered significantly different.
Phase II identified any statistical associations between the last four questions asked for each activity and the specific success criterion. In other words, did more successfully planned projects answer the questions differently than the less successful projects. A Fisher's exact test was used to determine an association between the specific question answered to whether the project was effectively planned. Fisher's exact test was utilized for this research because it accounts for small sample sizes within each cell. Additionally, Fisher's exact test uses the hypergeometric distribution rather then the chi-squared distribution ͑commonly used on two-way frequency tests with high amounts of data values͒ when computing the p-value.
For each of the 33 activities, four two-way frequency tables were created. As a result, a total of 132 frequency tables were created and analyzed within the statistical software. The software provided a p-value for each of the tables. This p-value was then compared to the level of significance ͑␣ = 0.05͒. Tables where the p-value was less then 0.05 indicated an association between the two questions.
Summary of Survey Findings
Based upon the success criteria, seven activities were identified as being critical to achieving overall project success. The seven activities identified using this criterion are listed in Table 6 . Note that BP.04, establish image and public relations, and BP.12, refine public relations, are very much related.
Upon further examination of these seven activities, it was discovered that for some activities, information was more likely to be available for the more successful projects. In some instances, the activity was also more efficiently executed for the more successful projects. And, in some cases, there was evidence that the activity in some way impacted the attainment of business objectives. The "indicators" in Table 7 reflect some additional insight into the differences between the more and less successful projects.
In an attempt to better comprehend the overall data set, a number of additional tables were compiled. Table 8 lists the activities with the highest normalized activity durations for the more and Creation of any security requirements needed for the project among project participants. Establishment of differing security levels for project when required. Tables 9 and 10 compare the highest expenditure of internal and external resources for the more and less successful projects. Tables 8-10 seem to indicate more emphasis on PP.03, complete preliminary estimates for the more successful projects. Tables 11 and 12 reflect data for all projects regardless of success criteria. It is interesting to note that BP.07, develop funding plan, tops both lists. Thus, it can be concluded that information was not available to develop the funding plan 49% of the Table 7 : DURϭActivity duration for the more successful projects exceeds the duration for the less successful projects with a degree of statistical significance; EXTϭExternal resources expended for the more successful projects exceeds the external resources expended for the less successful projects with a degree of statistical significance; INTϭInternal resources expended for the more successful projects exceeds the internal resources expended for the less successful projects with a degree of statistical significance; INFOϭInformation was more likely to be available for this activity, for the more successful projects, with a degree of statistical significance; and EFFICϭThis activity was more efficiently executed for the more successful projects, with a degree of statistical significance. time, and the task was not executed efficiently 37% of the time. Table 13 reflects the fact that the less successful projects spend more time on license and regulatory issues. However, this may suggest that projects involving license and regulatory issues are less likely to have perceived success in executing the front-end planning process.
It can be concluded that the following activities are critical to the front-end planning process when considering one or more criteria:
BP.04 establish image and public relations. With respect to successfully executing the front-end planning process, successful projects devoted more time, by a factor of 3.4, to the execution of this activity. In addition, more owner resources were expended. Information was more likely to be available for the more successful projects versus nonsuccessful. A relatively low 20% of all survey respondents stated that information was not available for this activity.
BP.10 define startup requirements. Successful projects devoted more external resources, by a factor of 4.2, to the execution of this activity. This difference is statistically significant.
BP.12 refine public relations. When performing this activity, successful projects devoted more owner resources, by a factor of 6.7. Additionally, a relatively low 14% of all survey respondents stated that information was not available to perform this activity.
PP.05 address quality and safety issues. Successful projects devoted more external resources, by a factor of 2.1, to this activity during front-end planning. In addition, information was more likely to be available for the more successful projects.
PP.06 develop preliminary execution plan. PP.06 devoted more time on successful projects, by a factor of 1.8, to the execution of this activity. In addition, successful projects devoted more owner resources, by a factor of 2.1, to the execution of this activity, and more successful projects executed this task more efficiently. Forty-five percent of all survey respondents found this activity to be unusually complex. Thirty-nine percent of all survey respondents stated that information was not readily available for this activity. Thirty-seven percent ͑a relatively high percentage͒ of all respondents stated that this activity was not executed efficiently.
PP.07 compile project scope. Successful projects devoted more external resources, by a factor of 1.9, to the execution of this activity.
SD.02 develop utilities and offsite scope. With respect to successfully executing the front-end planning process, successful projects devoted more owner resources, by a factor of 2.4, to the execution of this activity, and more successful projects executed this task more efficiently.
Industry Feedback to Obtain Survey Interpretations
A follow up survey was conducted to obtain further information regarding the seven critical activities. This survey asked industry practitioners specific questions concerning the activities indicated by the research as having an impact on project success. The information identified from this survey provides additional data that helps understand why these seven activities are critical, and provides further information that may assist planners in executing the activities in a more efficient manner. These questions were as follows:
• List the most critical information/data tasks for this activity.
• List the missing information encountered when executing this activity.
• Which tasks require the most focus with respect to allocation of resources? • What are the potential causes for possibly executing the activity inefficiently? The significant findings from the follow up survey are presented in Table 14 . The purpose of the table is not to identify all the information needed to execute the activity successfully. Rather, this table identifies key comments from industry practitioners as to potential reasons why these activities were found to be time critical, information intensive, or otherwise process constraining. This table identifies information that is often overlooked when planning projects, and potential bottlenecks that may result in front-end planning.
In general, the survey responses indicated that the following factors most impact the activities: Scope definition, risk identification and mitigation, resource allocation for task execution, clear definition of roles and responsibilities, and effective communication mechanisms. It appears that communications between the planning team and external entities such as the public key stakeholders and equipment suppliers are especially critical. These and other information flow issues may be more adequately addressed through a careful selection of persons participating in, or better represented within, the front-end planning team.
Conclusions
A CII sponsored research project was conducted for the purpose of examining information flow within the front-end planning process. Thirty three activities were identified and as comprising the typical industrial facility front-end planning process. A comprehensive survey was executed to examine numerous factors impacting information flow and the successful completion of frontend planning as perceived by the survey respondents. The 51 survey responses were divided into approximately two groups, successful and nonsuccessful projects, with respect to the execution of the front-end planning process. An analysis of the responses indicated that, with a degree of statistical significance, seven activities are critical for achieving project success. These activities are related to public relations, startup requirements, safety and quality, scope and execution planning, and site utility considerations. The survey responses also indicated that required information was not available almost 50% of the time for a number of front-end planning activities.
In order to better understand information flow within the seven critical activities, a follow up survey was executed to identify potential reasons why the activities are critical. This survey revealed problem areas such as inadequate scope definition, risk identification and mitigation, minimal resource allocation for task execution, unclear definitions of roles and responsibilities, and ineffective external communication mechanisms.
